Abstract. The present study aimed to investigate the key roles and possible regulatory mechanism of microRNA (miR)-24-1-5p in regulating the autophagy, and apoptosis of malignant melanoma cells. The expression levels of miR-24-1-5p in malignant melanoma tissues were determined. Human melanoma A375 cells were transfected with miR-24-1-5p mimic and control. The effects of miR-24-1-5p overexpression on regulating the expressions of autophagy-related proteins [microtubule-associated protein 1A/1B-light chain 3 (LC3)-II, LC3-I and Beclin-1] and apoptosis-related proteins [apoptosis regulator Bcl-2 (Bcl-2) and (BCL2 like 1) Bcl-xL] were investigated. The percentage of apoptotic cells in different transfected cells was detected. In addition, luciferase reporter assays were performed to confirm whether ubiquitin D (UBD) was a target of miR-24-1-5p. The effects of UBD silencing on autophagy and apoptosis were also investigated. The expression levels of janus kinase (JNK), phosphorylated (P)-JNK, Jun proto-oncogene AP-1 transcription factor subunit (c-Jun) and p-c-Jun were determined following the overexpression of miR-24-1-5p, and UBD. In comparison with adjacent normal tissues, miR-24-1-5p was significantly downregulated in malignant melanoma tissues. Overexpression of miR-24-1-5p significantly increased the levels of LC3-II/I ratio and Beclin-1 expression, and decreased the expression levels of Bcl-2 and Bcl-xL. Flow cytometry also showed that miR-24-1-5p overexpression promoted cell apoptosis. Moreover, UBD was confirmed as a direct target of miR-24-1-5p. Silencing of UBD promoted melanoma cell autophagy and apoptosis via regulating the expression levels of related proteins. Besides, the levels of the p-JNK/JNK and p-c-Jun/Jun ratios were significantly increased following miR-24-1-5p overexpression, which were reversed following co-overexpression of miR-24-1-5p, and UBD. Overexpression of miR-24-1-5p may target UBD, and subsequently promote the autophagy and apoptosis of malignant melanoma cells through activation of the JNK signaling pathway.
Introduction
Malignant melanoma is the most common type of skin cancer that begins in the melanocytes (1, 2) . The incidence of this disease is increasing yearly around the world (3) . Malignant melanoma is characterized by a complex and heterogeneous etiology (4) , which is still largely unknown. Surgical therapy is effective for localized disease, however, the median survival of patients with metastatic malignant melanoma is only 6-9 months after treatment with radiation and conventional chemotherapy drugs (5) . In addition, the prognosis for metastatic melanoma is extremely poor due to highly resistance to radiation and chemotherapy drugs (6) . Therefore, a better understanding of key mechanism underlying malignant melanoma facilitates to the development of therapeutic strategies.
MicroRNAs (miRNAs), small non-coding RNA molecules, are known to play a crucial role in regulating carcinogenesis in various cancers, including malignant melanoma (7, 8) . Accumulating evidences have confirmed a complex crosstalk between apoptosis and autophagy in cancer development (9, 10) . miRNAs are found to regulate autophagy and exhibit important roles in the crosstalk between apoptosis and autophagy in disease progression (11) . For instance, upregulation of microRNA-21 can influence the apoptosis of melanocytic cells in malignant melanoma (12) . Depletion of miR-638 induces cell apoptosis and autophagy in melanoma (13) . Thus, identification of key miRNAs associated with apoptosis and autophagy of melanoma cells will have great significance in the therapy of melanoma. Recently, miR-24-1-5p (also known as miR-24-1*) is found to regulate high molecular weight Hyaluronan (hmw-Ha)-mediated enhancement of human pulmonary endothelial barrier and vascular integrity (14, 15) . Importantly, miR-24-1-5p is reported to be downregulated in cutaneous malignant melanoma by means of microarray MicroRNA-24-1-5p promotes malignant melanoma  cell autophagy and apoptosis via regulating ubiquitin D   YUJUAN XIAO  1,2 , QINGCHUN DIAO  2 , YANHUA LIANG  3 , YUSHENG PENG  1 and KANG ZENG analysis of microRNA expression profiles (16) . However, whether miR-24-1-5p contributes to the development of malignant melanoma via regulating cell apoptosis and autophagy is largely unknown. In this study, the miR-24-1-5p expression in malignant melanoma tissues was investigated. The effects of miR-24-1-5p overexpression of on the expression levels of cell autophagyand apoptosis-related proteins were investigated. In addition, whether ubiquitin D (UBD) was a target of miR-24-1-5p was explored. Besides, the expression levels of janus kinase (JNK) pathway-related proteins were determined after overexpression of miR-24-1-5p and UBD. The objective of our study was to investigate the potential roles of miR-24-1-5p in regulating apoptosis and autophagy of malignant melanoma cells, thus to elucidate the possible regulatory mechanism of miR-24-1-5p in malignant melanoma.
Materials and methods
Specimen collection. A total of 77 malignant melanoma specimens stored in our hospital were enrolled in this study. None of the patients received preoperative anticancer treatment. Thereinto, 29 specimens were primary malignant melanoma, 31 specimens were metastatic malignant melanoma, and 17 specimens were malignant melanoma associated with lymph node metastasis. Specimens that collected from the patients, was diagnosed by pathological analysis, and none of the patients received preoperative anticancer treatment. Tumor tissues and their adjacent normal tissues were collected from clinically ongoing surgical specimens. These samples were then snap-frozen with liquid nitrogen, and stored at -80˚C. This study was approved by our hospital's ethics committee and each patient provided their written informed consent.
Cell culture. Human melanoma cell line A375 was purchased from American Type Culture Colleciton (ATCC; Manassas, VA, USA). Then A375 cells were cultured in RPMI-1640 medium (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) supplemented with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) at 37˚C in a humidified incubator with 5% CO 2 . The medium was replaced every 2 days during subculture.
Cell transfection. A375 cells were digested and plated in 6-well plates and incubated at 37˚C in 5% CO 2 for 24 h. After 80-90% confluence, cells were transfected with miR-24-1-5p mimics, mimic control, si-UBD, si-control, pcDNA3.1 vector, and pcDNA3.1-UBD using Lipofectamine RNAiMAX (Life Technologies; Thermo Fisher Scientific, Inc.) following the instructions of manufacturer.
Detection of apoptosis. Cell apoptosis was detected using flow cytometry after staining with Annexin V-FITC and propidium iodide (PI; Sigma-Aldrich; Merck KGaA). Briefly, cells were plated in dish and allowed to settle for 48 h. Cells were then harvested, washed with ice-cold PBS and then double labelled with Annexin V-FITC and PI according to the protocol recommended by the manufacturer. The mixtures were then analyzed using the FACSCalibur flow cytometer (BD Biosciences, San Jose, CA, USA) equipped with FACStation running CellQuest 3.0 software (BD Biosciences). Annexin V-FITC was used to determine the percentage of apoptotic, while PI was used to stain the dead cells.
Bioinformatic method and luciferase reporter assay. The target of miR-24-1-5p was predicted according to the information of TargetScanHuman database and UBD was predicted as a target of miR-24-1-5p. To further validate the predicted results, the wild type and mutant 3'UTR of UBD were cloned into the pGL3 Luciferase assays vector (Promega Corporation, Madison, WI, USA). The wild-type miR-24-1-5p contained binding sites of UBD 3'UTR with miR-24-1-5p. For luciferase assays, cells were plated in a 24-well plate and continued to incubate for another 24 h. Cells were then co-transfected with Firefly luciferase constructs containing the 3'UTR wild-type or 3'UTR mutant of UBD, pRL-TK Renilla luciferase normalization control, miR-24-1-5p mimics or mimic control using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.). At 48 h after transfection, lysates were collected and measured with a Dual-Luciferase Reporter system (Promega Corporation) according to the protocols provided by the manufacturer. Renilla luciferase activity was used as an internal control.
Protein extraction and western blotting. Cells were lysed in whole cell lysis buffer, including 0.5 M Tris-HCl (pH 6.8), 1% b-mercaptoethanol, 0.02% bromophenol blue, 10% glycerol and 2% SDS. Then protein concentrations were detected using BCA protein assay kit (Pierce; Thermo Fisher Scientific, Inc.). Equal amount of protein sample was subjected to a 12% SDS-PAGE and then transferred to Hybond ECL membranes (Amersham Biosciences; GE Healthcare Life Sciences, Little Chalfont, UK). After being blocked with 5% non-fat milk for 1 h, the membranes were incubated with primary antibodies against UBD, JNK, p-JNK, c-Jun, p-c-Jun, light chain 3 (LC3), Beclin-1, Bcl-2, Bcl-xL and GAPDH (1:1,000 dilution; Cell Signaling Technology, Inc., Danvers, MA, USA) overnight at 4˚C. After that, the membranes were probed with appropriate horseradish-peroxidase conjugated secondary antibodies (1:2,000 dilution; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) for 2 h. After incubation with a chromogenic substrate, antibodyreactive proteins were visualized using the enhanced chemiluminescence (ECL) detection system (Thermo Fisher Scientific, Inc.). GAPDH was used as the internal control. 
Quantitative real time polymerase chain reaction (qRT-PCR).
Total RNA was extracted from cultured cells by a modified method with TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's instructions. After detecting the quality of isolated RNA using a NanoDrop ® ND-1000 UV-Vis spectrophotometer (Thermo Fisher Scientific, Inc.), reverse transcription into cDNA was then conducting using the PrimerScript First Strand cDNA Synthesis kit (Invitrogen; Thermo Fisher Scientific, Inc.). With a standard protocol recommended by the manufacturer, qRT-PCR was carried out using the SYBR ExScript qRT-PCR kit (Takara Biotechnology Co., Ltd., Dalian, China). Each reaction was performed in triplicate. The expressions of targets relative to β-actin was calculated using the comparative threshold (Ct) cycle (2 -ΔΔCt ) method.
Statistical analysis. Data from three independent experiments were expressed as mean ± standard error of mean (SEM). Statistical significant differences were assessed between groups using the Student's t-test or one-way analysis of variance (ANOVA). A value of P<0.05 was accepted as statistically significant. All statistical analyses were conducted with the GraphPad Prism 5.0 software (GraphPad Software, Inc., La Jolla, CA, USA).
Results

miR-24-1-5p is downregulated in malignant melanoma tissues.
We first detected the expression levels of miR-24-1-5p in malignant melanoma tissues and their adjacent normal tissues. The results showed that the expression levels of miR-24-1-5p in malignant melanoma tissues, including the primary malignant melanoma, metastatic malignant melanoma, and malignant melanoma specimens associated with lymph node metastasis were significantly downregulated in comparison with their adjacent normal tissues (Fig. 1, P<0.001) . We then selected malignant melanoma A375 cells for the further analysis.
Overexpression of miR-24-1-5p promotes autophagy and apoptosis of melanoma A375 cells. To further investigate the effects of miR-24-1-5p, we overexpressed miR-24-1-5p in melanoma A375 cells. As shown in Fig. 2A , the expression of miR-24-1-5p was significantly increased in miR-24-1-5p mimic transfected cells compared with that in mimic control transfected cells (P<0.01), indicating that miR-24-1-5p was successfully overexpressed in melanoma A375 cell. We then further explore the effects of miR-24-1-5p overexpression on cell autophagy-and apoptosis-related proteins. In compared with mimic control group, the levels of LC3-II/I ratio and Beclin-1 expression were significantly increased in miR-24-1-5p mimic transfected cells (Fig. 2B, P<0 .05), indicating that miR-24-1-5p promoted melanoma cell autophagy. In addition, the protein expression levels of Bcl-2 and Bcl-xL were significantly decreased in miR-24-1-5p mimic transfected cells compared with mimic control transfected cells (Fig. 2B, P<0 .05). The results of flow cytometry also showed that the percentage of apoptotic cells was significantly increased after overexpression of miR-24-1-5p (Fig. 2C,  P<0 .01).
UBD is a direct target of miR-24-1-5p.
According to the information of TargetScanHuman database, UBD was predicted as a potential target of miR-24-1-5p, which was further verified by luciferase reporter analysis. We found that the relative luciferase activities containing the wild-type 3'UTR of UBD were significantly decreased in miR-24-1-5p mimic transfected cells compared to that in mimic control transfected cells (Fig. 3A,  P<0 .01), but not mutant 3'UTR of UBD. Moreover, although there is no significant different in the mRNA expression of UBD between miR-24-1-5p mimic transfection group and mimic control group (Fig. 3B) , the protein expression of UBD was significantly decreased miR-24-1-5p mimic transfection group compared with mimic control group (Fig. 3C, P<0 .01). These findings indicated that UBD was the direct target of miR-24-1-5p.
Silencing of UBD promotes autophagy and apoptosis of melanoma A375 cells.
We further detected the expression of UBD in malignant melanoma tissues. The results showed that the expression of UBD in malignant melanoma tissues was significantly higher than that in their adjacent normal tissues ( Fig. 4A and B, P<0.05 ). In addition, UBD was silenced to investigate whether UBD could regulate melanoma cell autophagy and apoptosis. As displayed in Fig. 4C , the protein expression of UBD in si-UBD group was significantly decreased compared with that in si-control (Fig. 4C, P<0 .05), suggesting that UBD was successfully silenced inmalignant melanoma cells. In addition, we found that after silencing of UBD, the levels of LC3-II/I ratio and Beclin-1 expression were significantly increased and the expression of Bcl-2 and Bcl-xL were markedly decreased (Fig. 4D, P<0 .05). The results of flow cytometry also displayed an obviously increased apoptotic cells after silencing of UBD (Fig. 4E, P<0 .05). These data indicated that silencing of UBD promoted melanoma cell autophagy and apoptosis significantly.
JNK pathway may be a potential mechanism involved in miR-24-1-5p-mediated autophagy and apoptosis in melanoma A375 cells. In previous study, activation of JNK pathway is shown to be involved in the induction of tumor cell autophagy and Apoptosis (17), thus we detected the expression changes of phosphorylated JNK and c-Jun after overexpression of miR-24-1-5p and UBD. As shown in Fig. 5 , the levels of p-JNK/JNK ratio and p-c-Jun/Jun ratio were significantly increased after miR-24-1-5p overexpression alone (P<0.05), indicating that overexpression of miR-24-1-5p could promote the activation of JNK pathway. However, the increased levels of p-JNK/JNK ratio and p-c-Jun/Jun ratio were significantly reversed after overexpression of miR-24-1-5p and UBD (P<0.05). Moreover, overexpression of UBD could also significantly reverse the increased levels of LC3-II/I ratio and Beclin-1 expression, as well as the decreased expression of Bcl-2 and Bcl-xL (P<0.05). These data imply that miR-24-1-5p may regulate the balance of apoptosis and autophagy via targeting UBD and involving in JNK pathway. 
Discussion
In the present study, we found that miR-24-1-5p was significantly downregulated in malignant melanoma tissues, which was consistent with previous findings that miR-24-1 was a tumor suppressor and might serve as a disease progression marker in prostate cancer (16) . Moreover, overexpression of miR-24-1-5p significantly increased the levels of LC3-II/I ratio and Beclin-1 expression, and decreased the expression levels of Bcl-2 and Bcl-xL. UBD was confirmed as a direct target of miR-24-1-5p. Silencing of UBD promoted melanoma cell autophagy and apoptosis via regulating the expressions of their related proteins. Besides, the levels of p-JNK/JNK ratio and p-c-Jun/Jun ratio were significantly increased after miR-24-1-5p overexpression alone, which were reversed after overexpression of miR-24-1-5p and UBD.
Apoptosis is the programmed cell death that maintains the balance of survival and death in living organisms (18, 19) .
The expression levels of antiapoptotic Bcl-2 and Bcl-xL have been confirmed to increase with progression of malignant melanoma, which can reflect an increased malignant potential of metastatic melanoma cells after inhibiting cell apoptosis (20) . Significantly, antisense-mediated inhibition of Bcl-2 is proved to sensitize malignant melanoma to apoptosis-inducing treatment modalities, and targeting Bcl-2 may be used as a highly effective strategy in the targeted therapy of malignant melanoma (21) . In addition, autophagy is an evolutionarily conserved catabolic process which functions a dual role, playing pro-death or pro-survival role depending on the cell type and strength of specific stimuli (22, 23) . Low levels of autophagy-regulated proteins LC3A and Beclin 1 are associated with an increased vascular density in cutaneous malignant melanoma (24) . Autophagy genes Beclin 1 and MAP1LC3 are also confirmed to play a key role in tumor development in melanoma (25) . Moreover, miR-204 can regulate hypoxia-reoxygenation-induced cardiomyocyte autophagy (26) . In our study, miR-24-1-5p overexpression significantly increased the levels of autophagy-related proteins (LC3-II/I ratio and Beclin-1), and decreased the expression levels of apoptosis-related proteins (Bcl-2 and Bcl-xL). Although the roles of miR-24-1-5p in malignant melanoma have been fully explored, our results prompt that overexpression of miR-24-1-5p may promote cell autophagy and apoptosis in malignant melanoma.
Furthermore, UBD was confirmed as a direct target of miR-24-1-5p. In previous studies, UBD is found to play a crucial role in tumor development. For instance, increased expression of UBD in hepatic cancer cells is reported to have a growth advantage than cells without UBD expression (27) . Overexpression of UBD is correlated with lymph node metastasis and TNM staging in gastric cancer, and its levels could be used as independent prognostic factors (28) . Yan et al also demonstrated that UBD contributed to colon cancer progression and might serve as a novel prognostic indicator for predicting recurrence of stage II-III patients after curative surgery (29) . Remarkably, UBD could regulates IRE1α/JNK-dependent apoptosis in pancreatic β cells (30) . Activating of JNK and ERK is key mechanisms involved in Timosaponin AIII-induced apoptosis and autophagy in human melanoma A375-S2 cells (31) . In our study, silencing of UBD promoted melanoma cell autophagy and apoptosis. Also, the levels of p-JNK/JNK ratio and p-c-Jun/Jun ratio were significantly increased after miR-24-1-5p overexpression alone, which were reversed after overexpression of miR-24-1-5p and UBD. Collectively, our data implying the regulatory relationship among miR-24-1-5p, UBD and JNK pathway in melanoma cell autophagy and apoptosis.
In conclusion, overexpression of miR-24-1-5p may target UBD and subsequently promote melanoma cell autophagy and apoptosis via activation of JNK pathway. miR-24-1-5p may function as a diagnostic marker or therapeutic target for malignant melanoma. However, we did not identify possible mechanisms related to the evolution of melanoma in different clinical stages, thus failing to evaluate if these changes were observed in the same patient or if it is an evolutionary effect of the melanoma. Exploration of the evolution of melanoma in different clinical stages is still needed to be performed in further investigations.
